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(57)Abstract: 

PURPOSE: To obtain an method for non-destructively inspecting : ^ 

piezo-electric elements for micro-cracks by which the 



presence/absence of micro-cracks in a piezo-electric element can be 
quickly and automatically discriminated with high accuracy. 
CONSTITUTION: The frequency characteristics of the phase 
difference (phase angle) between the frequency characteristic and/or 
voltage and current of the impedance of a piezo-electric element is 
measured and the curve pattern indicating the measured frequency 
characteristics is compared with the curve pattern of the element 




which is used as a reference and, when both curve patterns are ■: v * #. 

different from each other, it is discriminated that micro-cracks exist in 

the element. Since the presence of the micro-cracks can be 

discriminated automatically, the discrimination can be performed in a 

short time and mass processing become possible. In addition, the 

inspection accuracy becomes extremely higher, since no visual inspection is performed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method of inspecting the existence of 
the micro crack in a piezo-electric ceramic, without destroying the piezo-electric ceramic 
concerned. 
[0002] 

[Description of the Prior Art] Conventionally, as a method of detecting in un-destroying, 
the thing to depend on radioparency or the method of irradiating an ultrasonic wave is 
common, without destroying the ceramics concerned for internal defects, such as not only 
a piezo-electric ceramic but general ceramics. 

[0003] The method of making an X-ray penetrate and detecting an internal state is a 
method of investigating an internal defect, by the degree to which an X-ray penetrates an 
inspected object using changing with the kinds, thickness, and densities of the analyte 
matter concerned, and measuring change of the penetrated X-ray intensity. 
[0004] Investigating an internal defect is usually performed by using the reflection by the 
difference in the acoustic impedance which changes with kinds of analyte matter when 
putting in an inspected object underwater and on the other hand irradiating an ultrasonic 
wave as a method using an ultrasonic wave, or the difference in acoustic velocity, and 
measuring the amount of reflection and reflex time of an ultrasonic wave by the 
difference in the quality of the material in an inspected object, and the difference in a 
position. 
[0005] 

[Problem(s) to be Solved by the Invention] Each above-mentioned conventional un- 
destructive inspection method is unsuitable for the processing time being also 
comparatively long to the top which needs large-sized and expensive equipment, and 
carrying out extensive processing in it. Moreover, in order to have discriminated the very 
small defect from the acquired measurement picture, this needed to be expanded, and 
human being needed to judge visually, or image analysis by the computer etc. needed to 
be performed, and when it was any, there was also a fault that it was not suitable to 
automate and process in large quantities. 

[0006] In detection of the defect in a piezo-electric ceramic, especially a fault such 
becomes with a very serious problem. Namely, since it is necessary to process a piezo- 
electric ceramic in large quantities and it moreover needs to obtain a reliable inspection 
result for a short time, extensive processing in a short time is difficult for it like the 
above-mentioned conventional method. And the possibility of the judgment error by an 
oversight or the difference between inspection implementation persons is large because 
of the defective discernment judging by visual senses, such as viewing and an image 
processing, and it is unsuitable as the inspection method of a piezo-electric ceramic by 
the method from which a reliable inspection result is not obtained. 
[0007] this invention solves the above-mentioned conventional trouble, and aims at 
offering the un-destructive detection method of the micro crack of the piezoelectric 
device which can, quickly and highly precise moreover, inspect the internal defect of a 



piezo-electric ceramic, i.e., the existence of a micro crack, by automatic judging. 
[0008] 

[Means for Solving the Problem] The un-destructive detection method of the micro crack 
of the piezoelectric device of a claim 1 In the resonance frequency of the piezoelectric 
device which vibrates with impression of police box- voltage, or the frequency band near 
the antiresonant frequency The fixed voltage to which frequency was gradually changed 
by fixed width of face is impressed to each of pressure-taking-ed ****** and a criteria 
piezoelectric device without a micro crack. The frequency characteristic of the impedance 
of each piezoelectric device and/or the frequency characteristic of the phase contrast 
(phase angle) of voltage and current are measured. When the curvilinear pattern in which 
the frequency characteristic concerned is shown is obtained, the curvilinear pattern of 
pressure-taking-ed ****** is compared with the curvilinear pattern of a criteria 
piezoelectric device and both curvilinear patterns differ, it is characterized by judging 
with a micro crack existing in the interior of this pressure-taking-ed ****** 
[0009] The un-destructive detection method of the micro crack of the piezoelectric device 
of a claim 2 In the resonance frequency of the piezoelectric device which vibrates with 
impression of police box- voltage, or the frequency band near the antiresonant frequency 
The fixed voltage to which frequency was gradually changed by fixed width of face is 
impressed to pressure-taking-ed ******. The frequency characteristic of the phase 
contrast (phase angle) of this piezoelectric-device voltage and current is measured. The 
frequency band to frequency with the resonance frequency concerned about the pattern in 
which the curvature of the curve which shows the frequency characteristic concerned is 
shown, investigate the number of the peaks exceeding a certain threshold (tangent line), 
and higher 3 to 10% than a measurement start frequency to resonance frequency ("the 1st 
field" is called below.) It is a frequency band ("the 2nd field" is called below.) from 3 - 
10% low frequency of the antiresonant frequency concerned to measurement end 
frequency from antiresonant frequency. It is a frequency band (a "staging area" is called 
below.) to 3 - 10% low frequency of the antiresonant frequency concerned from the 
frequency with the resonance frequency concerned higher 3 to 10% than resonance 
frequency which comes between this 1st field and 2nd field to antiresonant frequency. It 
sets, the aforementioned number of peaks in the 1st field and the 2nd field 1 or two 
pieces, In a staging area, the number of peaks of these criteria is characterized by judging 
with a micro crack existing about pressure-taking-ed ****** with the curvature pattern in 
which the different number of peaks is shown on the basis of the aforementioned number 
of peaks being zero piece. 

[0010] Un-destructive detection method of the micro crack of the piezoelectric device of 
a claim 3 is characterized by calculating the curvature of the curvilinear pattern in which 
the frequency characteristic of this phase contrast (phase angle) is shown from the 
numeric value acquired by the moving average of each measured value of current and the 
phase contrast (phase angle) of voltage in the method of a claim 2. 
[0011] 

[Function] Since it can be judged automatically, the un-destructive detection method of 
the micro crack of the piezoelectric device of this invention can be judged in a short time, 
and to the top in which the formation of extensive processing is possible, since it is not 
the judgment by viewing, its inspection precision is remarkably high. 
[0012] Hereafter, with reference to a drawing, the verifier by this invention is explained 



in detail. 

[0013] Drawing 1 is the diagram in which becoming criteria, namely, showing the 
frequency characteristic of the impedance of the normal disc-like piezoelectric device 
(normal element) which does not have a micro crack etc. in the interior, and current and 
the phase contrast (phase angle) of voltage. This resonance is primary resonance of 
breadth vibration of a disk. As shown in drawing 1 , the frequency characteristic of an 
impedance has the minimal value and every one maximal value, respectively. The 
frequency which serves as resonance frequency (resonance point) and the maximum in 
the frequency from which an impedance serves as the minimum is called antiresonant 
frequency (antiresonating point). Although the resonance point and an antiresonating 
point will be uniquely decided if the size of an element and the quality of the material are 
decided, according to dispersion in a configuration, and dispersion of an element 
property, it usually changes. On the other hand, from resonance frequency, the phase 
angle is behind voltage in about 90 degrees (namely, -90 degrees) of current on low 
frequency, and progresses about 90 degrees (namely, +90 degrees) conversely between 
antiresonant frequency from resonance frequency, and returns from antiresonant 
frequency to the phase of about 90-degree delay on high frequency again. That is, it is 
only that the curve which shows the frequency characteristic near the resonance point of a 
phase angle has one mountain between the resonance point and an antiresonating point. 
[0014] Drawing 2 is the diagram showing the frequency characteristic in the frequency 
band the primary resonance point of breadth vibration of the same disk as .drawing.I of 
the phase contrast (phase angle) of an impedance, and the current and voltage of the 
piezoelectric device used as criteria and the piezoelectric device (unusual element) which 
has a micro crack in the interior with the shape of isomorphism and this quality of the 
material - near the antiresonating point. As shown in drawing 2 , the frequency 
characteristic of an impedance and a phase angle shows the form where it was confused 
very much, compared with the thing of drawing 1 . That is, the curve which shows the 
frequency characteristic of an impedance has many the minimal value and the maximal 
value, and it is shown that the frequency characteristic of a phase angle has many 
mountains, and each frequency dependence of drawing 1 used as criteria differs greatly 
clearly, therefore abnormalities can be distinguished from this difference. 
[0015] although the same judgment is possible even if the resonance used for such a 
judgment uses high order resonance in this invention - change of an impedance, or 
change of a phase angle ~ small - a bird clapper - moreover, since the exact judgment 
of mixing of unnecessary vibration etc. may not be able to be performed, it is desirable to 
use primary basic resonance 

[0016] Moreover, although resonance frequency differs from the configuration of an 
element by the oscillation mode to be used, as for vibration used for a judgment, it is 
desirable at the same reason to use the oscillation mode to which vibration specified with 
a configuration becomes most clearly and large. For example, if it is the element of a disk 
configuration and is breadth vibration of a disk and the element of a cylindrical 
configuration, the longitudinal oscillation of a rod etc. will be used. 
[0017] Moreover, although the resonance point and the antiresonating point to need may 
measure measuring range in any range as long as only the lot is contained in measuring 
range, usually, a measurement start frequency is made into 3 - 10% low frequency of the 
resonance frequency concerned from resonance frequency from the field of measurement 



efficiency, and, as for measurement end frequency, it is more desirable than antiresonant 
frequency to consider as the frequency of the antiresonant frequency concerned high 3 to 
10%. 

[0018] In order to measure the impedance of a piezoelectric device, and the frequency 
characteristic of a phase angle, it is usually common that an impedance analyzer is used. 
Although it is desirable when making it change by finer width of face as width of face to 
which fixed frequency is changed gradually using this equipment obtains a smooth curve, 
it is practical to make it usually change from the field of restrictions of measurement 
efficiency or measuring device specification by width of face of 0.05-lkHz. Moreover, as 
for the size of the voltage impressed, IV are usually used. 

[0019] In addition to this, the method of this invention can be similarly enforced, even if 
it uses admittance. However, contrary to [ the frequency characteristic of admittance / 
since admittance is the inverse number of an impedance ] the above, although admittance 
serves as the maximum by the resonance point and it is different only from the minimum 
and a bird clapper at an antiresonating point, if the pattern used as criteria is compared 
similarly, distinction is possible. 

[0020] Next, how to carry out this invention by automatic judging is explained in detail. 
[0021] When using an impedance analyzer, the required shell which carries out digital 
processing of the signal, and the frequency to measure are changed to step WAIZU, 
measure the impedance of the piezoelectric device in each frequency, and a phase angle, 
respectively, and are made to increase them one by one to the target frequency. That is, it 
is the frequency which starts measurement xO It carries out and delta x, then the i-th 
frequency x (i) can be expressed with x(i) =x0+ (i-1) and delta x in the increment of 
frequency. Moreover, only y (i), then the number corresponding to [ as measured value (x 
(i) y (i)) ] the increment of a test-frequency band and frequency in the data of 
combination are obtained in the measured value of the phase angle in each x (i). Thus, 
since the data of obtained y (i) contain an observation noise, in order to remove the 
influence of this observation noise, moving-average processing as shown below is 
performed, the moving average deviation obtained to each y (i) -- y' (i), then y' (i) y'(i) 
= {y(i)+y(i+l)+--+y(i+L -1)}/L - it is calculable with a formula Although it is suitably 
decided by several L value of data used for the moving average according to a situation at 
this time so that the judgment and automatic judging by human being may be well in 
agreement, in this example, 5-7 pieces are usually used preferably 3-7 pieces. If there are 
few these data than three pieces, influence of an observation noise cannot be removed, 
but the amount in which a normal element is judged to be an unusual element increases, 
and the fall of the yield is caused. However, it is a safe side in this case, and is 
satisfactory about the field of removal of an unusual element. Moreover, if there are more 
data than five pieces, a percentage of correct answers will become about 100%. On the 
other hand, the case where an unusual article will be conversely judged to be a normal 
article if there are more data than seven pieces occurs, and it is not desirable. 
[0022] Next, the curvature of each portion is calculated to the curve obtained by this 

moving average deviation, continuing - three ~ a point - namely, - i=j one ~ j - j 

~ + - one (j>=2) -- setting - {-- x O'-l) - y - ' Q- 1) -} ~ {- x ~ (" J ~) -- y -- 1 - (- j - 
) ..} .. {- x (j+1) -- y -- ' (j+1) --} - three - a point - receiving - That is, (X-a), inverse 
number 1 / r of the radius r of a circle expressed with 2+(Y-b)2 =r2 are the curvatures of 
the curve made by these three points. It is as follows when it asks for curvature rho (j) 



from this formula. 
[0023] 

a={(xl2-x22)(yl -y2 )-(xl2-x32)(yl -y2 )} 
/2{(xl -x2)(yl -y3 )-(xl -x3 )(yl -y3 )} 
b={(xl2-x22)-2a(xl -x2 )}/2(yl -y2 ) 
rho(j) =l/r=l/root {(x2-a )2+(y2-b) 2} 
However, xl =x (j-1), x2 =x(j) x3 =x (j+1) 
yl =y* and y2 -y -- it is "(j) y3 =y' (j+0 

[0024] Next (x (j) rho (j))> it asks for the number of the peaks of the curvilinear pattern 
showing the curvature of the obtained curve. It asks for the number of the peaks of 
Batang which divides a test-frequency band into two or more next fields, and shows the 
curvature in each field at this time. 

[0025] After the 1st field until the phase angle before and behind resonance frequency is 
overdue from a measurement start frequency, it changes from a phase to a leading phase 
and it is stabilized in a leading phase, and the phase angle before and behind antiresonant 
frequency return from a leading phase to a delay phase again and are fundamentally 
stabilized in the original delay phase by two or more fields, they are with the staging area 
of the frequency band between the 2nd field to measurement end frequency, and these [ 
1st ] and the 2nd field. Specifically The frequency band from a measurement start 
frequency to a frequency band with the resonance frequency concerned higher 3 to 10% 
than resonance frequency (the 1st field), Rather than antiresonant frequency, the 
frequency band from 3 - 10% low frequency of the antiresonant frequency concerned to 
measurement end frequency (the 2nd field), And it is divided roughly into three fields of 
the frequency band (staging area) to low frequency 3 to 10% rather than the antiresonant 
frequency concerned from antiresonant frequency from the frequency with the resonance 
frequency concerned higher 3 to 10% than resonance frequency which corresponds 
among these two. 

[0026] You may make the above-mentioned staging area divide still more finely. If there 
is much this number of partitions, improvement in judgment precision is not only 
expected, but abnormalities can acquire in which frequency band it has generated mostly, 
and information. 

[0027] However, the 1st field of the above and the 2nd field are indispensable, and it does 
not need to prepare a staging area. For example, a staging area may be lost and the whole 
may be divided into two, the 1st and the 2nd. It is suitably determined from the need on 
data processing after measurement whether to divide a staging area still more finely or 
omit a staging area. 

[0028] The number of peaks counts and searches for only the peak beyond a certain 
threshold (tangent line). The number of the peaks beyond the threshold (tangent line) 
serves as criteria, namely, when it is a normal element without a micro crack etc., in the 
1st and 2nd fields, it has 1 or two peaks, and does not have a peak in a staging area. 
When it has the number of peaks other than this, it is judged as an unusual element that 
there is a crack etc. 

[0029] The average of the value of **rho (j) obtained in this invention although a certain 
threshold was suitably decided on here according to the situation so that several L, a 
judgment according to human being similarly, and automatic judging of the data used for 
the moving average might be well in agreement, i.e., [0030] 



[Equation 1] 



[003 1] It is suitable to set [ of the value come out of and calculated ] 70 - 100% to tangent 
line preferably 50 to 100%. When the value of this average of **rho (i) smaller than 50% 
is set to tangent line, the fall of judgment precision is caused that it is easy to gather the 
influence of the noise of observation data. However, since a normal element is only 
judged in this case to be an unusual element, there is no problem in removal of an 
unusual element on a safe side, tangent line, then a percentage of correct answers become 
about 100% about the larger value of the average of **rho (i) than 70%. On the other 
hand, if tangent line is larger than 100% of the average of **rho (i), an unusual article is 
judged to be a normal article and is not conversely desirable. 
[0032] 

[Example] Next, a concrete example is given and this invention is explained more to a 
detail. 

[0033] The micro crack was detected using the piezoelectric device which makes the 
oxide of Pb, Zr, and Ti a principal component by 0.5mm in example 1 diameter of 17mm, 
and thickness. The electrode printed the silver paste at 600 degrees C after printing and 
dryness, impressed and polarized 1000V at 70 degrees C, and made them the piezo 
electric crystal so that electrode section might serve as a diameter of 15mm. Moreover, 
the frequency dependence of an element was measured using the impedance analyzer 
(YHP4192A). A test frequency is 109kHz to 146kHz, and was measured at the 0.3kHz 
step. The impedance of an element and the frequency characteristic of a phase angle 
which were obtained are shown in drawing 1 . Although the resonance and antiresonant 
frequency which were measured changed a little with each elements, the element which 
are 1 1 1-1 15kHz (mode of 1 13kHz) and 139-143kHz (mode of 141kHz), respectively, and 
has the resonance point and an antiresonating point out of range [ this frequency ] was 
excepted. Drawing 1 is the example of measurement of a normal element without a micro 
crack etc. used as criteria, and it is the example of measurement of the unusual element 
considered that drawing.! has a micro crack etc. The example of measurement of the 
element which put the crack into drawing 3 intentionally is shown. Drawing 2 and 
drawing 3 show the pattern of the same frequency characteristic, and it is shown that the 
crack is contained into the unusual element of drawing 2 . 

[0034] It is made this appearance in Table 1, and the result which measured the bending 
strength of the unusual element judged as there being a micro crack and the element 
judged that are normal is shown. Bending strength put the element after measuring the 
frequency characteristic of an impedance and a phase angle on the three-point flexural 
strength testing machine, bent the center section of the element, and calculated the value 
of the load at that time as bending strength. It has only the intensity of the abbreviation 
half of the element judged that is [ the unusual element judged to be those with a micro 
crack ] normal, but the validity of this detection method is shown so that clearly from 
Table 1. 
[0035] 
[Table 1] 

[0036] In order are automatic and to perform the judgment performed in the example 2 
example 1, based on the algorithm mentioned above, the program was created and 



measurement and an automatic judging of an impedance and a phase angle were 
performed. Frequency was changed at 1 10-1 50kHz and the 0.03kHz step using the 
element of the same configuration where it used for the example 1 as measurement 
conditions, and the quality of the material, using an impedance / gain phase analyzer 
(YHP4194A) as a measuring device. 

[0037] The number of data used for the moving average was made into L= 5 pieces, and 
the threshold (tangent line) was made into all the averages (namely, 100% of the average 
of ** (rho) i) of curvature, and all measurement fields were divided into four as follows. 
[0038] 

the 1st field : 1 10- 120kHz 1st staging-area: - 120- 130kHz 2nd staging-area: - the 130- 
140kHz 2nd field : 140- 150kHz resonance frequency and antiresonant frequency (mode) 
were 1 14,144kHz, respectively. The pattern in which the frequency characteristic of the 
curvature calculated from the frequency characteristic of the phase angle which showed 
the original pattern in which the frequency characteristic of the impedance measured to 
drawing 4 and a phase angle is shown to drawing 5 at drawing 4 is shown is shown, 
respectively. As for the example shown in drawing. 4 , the portion of the arrow A in 
drawing is cratered slightly. Although it is a very small change of the grade which can be 
judged at last by human being's eyes, if it carries out by the automatic diagnosis 
concerning this invention, as shown in the arrow B in drawing 5 , this crater will serve as 
a clear peak and will be detected easily. 

[0039] The number of peaks with which the criteria judge that are normal exceeded 
tangent line like the above-mentioned is [ 1 or two pieces, zero piece, zero piece, 1, or ] 
two, respectively to each field of the 1st, the 1st middle, the 2nd middle, and the 2nd 
field. 

[0040] Next, the result to which the element which judged in the example 1, i.e., human 
being, carried out the automatic judging of 100 elements which judged that the pattern of 
the frequency characteristic is unusual with 100 elements compared with the pattern of 
the normal element used as criteria, judged, and judged that are normal is shown in 
Tables 2 and 3. 

[0041] In addition, the judgment of* corresponds among Table 2 and 3. 

[0042] 

[Table 2] 

[0043] 

[Table 3] 

[0044] A percentage of correct answers is 99% with a normal element, with the unusual 
element, it turns out that it is 100%, and the validity of this automatic judging is shown so 
that clearly from Tables 2 and 3. 

[0045] However, when it judged each automatically 100 elements human being judged 
that are normal/unusual by this method to be a percentage of correct answers and a 
judgment of human being was corrected, the time of a judgment and an automatic 
judging of human being being in agreement was considered as the correct answer. 
[0046] The normality of 100 sheets each and the unusual element which were used in the 
three to example 5 example 2 are used. Set to L= 2 (example 3), and 4 (example 4) and 8 
(example 5) the number of the data used for the moving average among the parameters 
used when performing an automatic judging, and threshold tangent line is made into 
100% of all the averages of curvature. Other parameters show the result which made it 



the same as an example 2, and performed the automatic judging in Table 4. 

[0047] The normality of 100 sheets each and the unusual element which were used in the 

six to example 8 example 2 are used. Set to L= 5 the number of the data used for the 

moving average among the parameters used when performing an automatic judging, and 

threshold tangent line is made into 1 10 (example 6) of all the averages of curvature, 70 

(example 7), and 50(example 8) %. Other parameters show the result which made it the 

same as an example 2, and performed the automatic judging in Table 4. 

[0048] In addition, in accordance with the result of an example 2, it describes in Table 4. 

[0049] 

[Table 4] 

[0050] It is clearer than Table 4 for 3-7, especially 5-7 that L's 70 - 100% of especially 

tangent line is [ of all the averages of curvature ] desirable 50 to 100%. 

[0051] 

[Effect of the Invention] According to the un-destructive detection method of the micro 
crack of the piezoelectric device of this invention, the existence of the micro crack of a 
piezoelectric device can be judged automatically easily [ in a short time ] and with high 
precision efficient moreover, and it is supposed that it is possible to carry out extensive 
processing easily as explained in full detail above. 

[0052] Especially, according to the method of a claim 2 and the division claim 3, an 
automatic judging can be carried out easily and an accurate result can be obtained 
certainly. 



[Translation done.] 



